APR-21-2004 17:57 



CONNOLLY BOUE LODGE &HUTZ 



2022936229 P . 06/40 



(19) 



Europtt^che* Pat»ntamt 
European Patent Office 
Office ©uropoen doe brevet* 




(12) 



(43) Date of publication: 

15.01.1997 Bulletin 1997/03 

(21) Application number. S63DS077.8 

(22) Date ot filing: 10.07.1996 



( ii) EP 0 753 376 A1 

EUROPEAN PATENT APPLICATION 

(51) Intel. 6 : B23P 6/00, F01D 5/00 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 10.07.199S US S00377 

(71) Applicant: UNITED TECHNOLOOIES 
CORPORATION 

Hartford, CT 08101 (US) 

(72) inventors: 

* QuattrOCChi, Loula S. 

Rocky Hill, Connecticut 06067 (US) 



(54) Method of repairing an abradable coal 

(57) An abradable seal is repaired by removing only 
a portion of the abradable material (34.38) to leave a 
residue of bond materia! (32) and ahradable material, 
disposing a layer of bond material adjacent the residue, 
dlsposinQa layer of porous abradable seal material ad- 
jacent the layer of bond material such thai the layer of 
bond material is disposed between the residue and the 
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seal material; and liquefying the bond material such that 
at least a portion of the bond material is drawn into the 
abradable seal material and th e bond material of the lay- 
er is joined to the bond material of the residue. Various 
detailed steps are developed that speed repair time and 
decrease repair costs over methods removing all abrad- 
able material. 
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Description 



This invention relates to axial flow rotary machines, 
and more particularly to a method tor repairing an abrad- 
able seal for a flow directing assembly of the non-rotat- 
ing type, such as the stator assembly of a gas turbine 
engine. 

Tha compression section of a gas turbine engine 
has a stator structure and a rotor structure. Ttie rotor 
structure is disposed about an axis of rotation which ex- 
tends axiaify through the compression section. The sta- 
tor structure is spaced radially from tho rotor structure 
and circumscribes the rotor structure. A flow path for 
working medium gases extends through the engine and 
is bounded by the stator structure. Flow directing sur- 
faces are disposed in the flow path to compress the gas- 
es in stages (rotor structure) and to direct the gases be- 
tween compression stages (stator structure). 

One example of flow directing surfaces in the rotor 
structure are the surfaces on each array ol rotor blades. 
TTie rotor blades extend outwardly from the rotor struc- 
ture and do work on the incoming gases to compress 
the gases. Arrays of stator vanos extend inwardly from 
the stator structure into proximity with the rotor structu re. 
The stator vanes each have a flow directing surface to 
orient the gasas after the gases pass through each 
stage of rotor blades. 

The rotor blades extend into close proximity with the 
stator structure to minimize leakage around the tips of 
the rotor blades. AbradablB seals are disposed about 
the interior of the stator structure in close proximity to 
the rotor structure. These seals block the working me- 
dium gases from leak paths around the flow directing 
surfaces. The stator structure has. for example, an outer 
abradable seal which extends circumlerentially about 
the tips of the rotor blades to provide a seal at the blade 
tips. The arrays of stator vanes have an inner abradable 
seal which extends circumferentially in close proximity 
to a projecting surface on the rotor assembly, such as a 
knife edge sea! element, to provide a seal at the vane 
tips. In both cases, it is expected that the rotor assembly 
as it rotates will cut sealing grooves in tha abradable 
material to minimize any gap under operative condi- 
tions. After operation of the gas turbine for a period of 
time, the abradable material is replaced to repair the 
seal and insure efficient operation of tho engine. 

One example of an abradable seal is formed by 
bonding a layer of porous abradable material, such as 
fiber metal, having interconnected pores to an arcuate 
support ring. The support ring is commonly referred to 
as the substrate. The fiber metal consists ol randomly 
interlocked metal fibers in the form of a sintered and 
pressed sheet or a sintered and roiled sheet. One sat- 
isfactory fiber metal sheet Is FELTMETAL® fiber metal 
available from the Technetie Division of the Brunswick 
Corporation, DeLand, Florida One typical bonding ma- 
terial is braze material such as AMS 4777 (Aerospace 
Material Specification) braze material. Another abrada- 



ble seal material which might be formed as honeycomb 
filled wilh a porous, abradable material such as FELT- 
METAL® fiber metal. 

The first step in replacing the abradable material is 
5 to remove only the abradable material or the abradable 
material and braze material. Two examples of methods 
for removing abradable material, such as fiber metal or 
honeycomb filled with fiber metal, are shown in lor ex- 
ample, US-A-5,293,717. TTris document suggests using 
10 abrasive machining to remove abradable materials such 
as fiber metal or honeycomb, down to the bond interface 
between the abradable material and the support ring or 
substrate (See Col. 4, 11. 22-34). US-A-5. 167,721 dis- 
closes the use of a water |et under high pressure to re- 
ts move any coating which has a strength less than that of 
the substrate by adjusting tho pressure of the water noz- 
zle It Is noted that the pressure may ba adjusted such 
that it removes the top coat without bond coat damage, 
or the top coat and bond coat without substrate damage, 
i?o allowing reuse of the bond coat and substrate or the sub- 
strate respectively. , 

The method of removal of the abradable material 
that was employed prior to tho subject invention uses 
abrasive machining to completely remove the abradable 
25 material and the braze before brazing new fiber metal 
or any material attached to the substrate such as hon- 
eycomb filled with fiber metal This causes an occasion- 
ally significant loss of parent material in the substrate of 
0 25-0 38mm (1 0-15 mils) for an abradable seal having 
30 an approximate 760mm (30 inch) diameter with a thick- 
ness of fiber metal of 0.64mm (25 mils). Although the 
machined surface provides an excellent bonding sur- 
face because the abradable material and braze have 
been removed, it requires additional machining time and 
35 decreases part life because parent metal is being re- 
moved from tho surface. 

in some applications, only a portion of unfilled hon- 
eycomb has been removed before brazing new, unfilled 
honeycomb to the remaining honeycomb. However, all 
40 64900 590 porous, abradable material has been con- 
sistently removed, in part, because of the weakness of 
the porous structure. 

Thus, both US-A-5.2g3.71 7 and US-A-5,167,721 
suggest methods of removing all of the abradable ma- 
45 terial or all ol the abradable material and braze. Both of 
these methods work well but may require extensive ma- 
chining to remove the material or may risk injury 10 tho 
parent material because of unexpected variations in the 
curvature of the parts given the small tolerances con- 
st? nected with removing all of the applied braze. For ex- 
ample, the thickness of the braze layer may be as little 
as O.amm rfi mils) in the construction described above 
having an abradable material with a thickness of only 
0.64 mm (25 mils) on a radius of about 750 mm (30 inch- 
es as). 

Accordingly, it has been sought to develop a repair 
process for replacing porous, abradable seal material 
which reduces the amount of machining and minimally 
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impacts the service life of the part by reducing the loss 
of substrate material. 

Thue according to the present invention, there is 
provided a process for repairing an abradable seal for 
a rotating machine, the seal having a substrata, a bond 
material attached to the substrate for attaching an 
abradable material to the substrate, and a porous abrad- 
able material having interconnected pores of a size that 
creates a wicking capability for the bond material, com- 
prising; 

removing not more than a substantial portion of the 
abradable material leaving behind a residue ol bond 
material and abradable material; 
disposing a layer of bond material adjacent the res- 
idue; . 
disposing a layer ol porous abradable seal material 
adjacent the layer of bond material such that the lay- 
er of bond material is disposed between the residue 
and the eoal material; and 
liquefying the bond material such that at least a por- 
tion of the bond material Is drawn into the abradable 
seal material and the bond material of the layer is 
joined to the bond material of the residue. 



15 



so 



This invention is In part predicated on the realization 
that seals of porous abradable material having a wicking 
capability tor a bond material, such as braze, do not re- 
quire complete removal of the abradable material prior 
to replacing the seal material 

Thus, the present Invention provides a process for 
restoring an abradable seal having an abradable mate- 
rial attached by a bond material to a substrate, the 
abradable material being porous and having a wicKlng 
capability for the bond material, including the step of re- 
moving only a substantial portion of the abradable ma- 
terial leaving behind a residue of bond material and 
abradable material which may decrease removal time, 
materials cost, and increase tolerances available to 
avoid accidental removal of the substrate material. 

In accordance with one embodiment of the present 
invention, the step of removing the seal material in- 
cludes leaving a residue of abradable material and 
braze material of a predetermined given thickness and 
the process includes disposing a thickness ol new bond 
material adjacent the residue which is less than twice 
the thickness of the residue and providing a layer of new 
abradable material over the new bond material for at- 
tachment to the substrate through the bond material in 
the residue. 

A primary feature of the present invention is the step 
of removing only a portion of the porous abradable ma- 
terial leaving behind a residue of abradable material and 
bond material. Another feature of preferred embodi- 
ments is the extent of coverage by bond material over 
the parent material after completing the step of remov- 
ing the abradable material. Another feature of preferred 
embodiments is the stop of disposing a thickness of 



bond material that is less than the original thickness of 
bond coat material between a substrate and the replace- 
ment abradable seal material In one embodiment, the 
parent material of the substrate Is completely covered, 
s In another embodiment, where removal of the bond ma- 
terial is inadvertent, the depth of removal of parent ma- 
terial is less than 20% of the thickness of the abradable 
material. In some applications the depth of removal of 
parent material is less than 10% of the depth of abrad- 

10 able seal. 

Some preferred embodiments will now be de- 
scribed by way of example only and with reference to 
the accompanying drawings, in which: 

Fig 1 is a partial perspective view of two adjacent 
arcuate segments which form a portion of the innor 
case of the compression section of a gas turbine 
engine; 

Fig. 2 is a perspective view of a single arcuate seg- 
ment which is an alternative embodiment of the seg- 
ment shown in Fig. 1 showingthe relationship of the 
arcuate seal segment to a machining system for re- 
moving an abradable seal; 
Fig 3 is a photomicrograph magnified 100 times to 
show the relationship of a bond material and a po- 
rous abradable material to the parent material of the 
substrate after the step of removing the abradable 
material with an abrasive machining machine; 
Fig. 4 is a photomicrograph magnified 100 times to 
show the relationship of a bond material and a po- 
rous abradable material to the parent material of the 
substrate after the step of removing the abradable 
material with a water Jet; 

Fig. 5 is a sectional view of a portion of the arcuate 
segment shown in Fig. 2 taken along the lines 5-5 
of Fig. 2 showing a porous, abradable material after 
the stop of removing a portion of the abradable ma- 
terial; 

Fig. 6 is a view of a portion of the stator assembly 
shown in Fig. 5 showingthe relationship of the par- 
ent material of the substrate, the residue layer of 
bond material (braze) and abradable material, a lay- 
er of bond material (braze) tape and a layer of re- 
placement abradable material ; and 
Fig. 7 is a photomicrograph magnified by 100 times 
showing the relationship between the parent mate- 
rial of the substrate, the residue of bond material 
and abradable material, the new bond material and 
replacement abradable material. 
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Part of a gas turbine engine is illustrated in Fig. 1 . 



The engine includes a compression section 10 of 
which a portion is shown. The compression section in- 
s* eludes a stator assembly, such as an inner case 1 2 The 
inner case has a flow directing assembly 14 having ar- 
cuate segments 1 6 circumf erentially adjacent one to the 
other. 
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Each arcuate segment has a support ring 22. A plu- 
rality of vanas, as represented by the vanas 24. Bxtend 
radially Inwardly from the support ring. Each vane has 
flow directing surfaces. Each arcuate segment has a 
first arcuate seal 26 which is attached to the plurality of 
staler vanes and which cooperate with the rotof assem- 
bly (not shown) to block the leakage of working medium 
gases past the vanes. The first arcuate seal is formed 
of a porous, abradable material 6uch as fiber metal, or 
honeycomb filled with fiber metal. Each first seal In- 
cludes a substrate 2B for supporting the abradable ma- 
terial. A bond material 32 such as braze material Is dis- 
posed between the abradable material 34 and the sub- 
strate. 

A second arcuate seal 36 is outwardly of the first 
arcuate seal. The second arcuate seal includes an 
abradable seal material 38 such as fiber metal, disposed 
in the support ring 22. A portion of the support ring 22 
outwardly of the seal forms the substrate 42 for the sec- 
ond arcuate seal During operation of the ga3 turbine 
engine, working medium gases are flowed along a flow 
path 44 which extends axlally through the flow directing 
assemblies (stator vanos 24) which extend inwardly 
from the support ring 22, The working medium gases 
are driven through the compression section by a rotor 
assembly (not shown). The rotor assembly carries knife 
edges or blade tips (not shown) which extend into close 
proximity with the arcuate seals 26,36 to prevent the 
working medium gases from leaking from the flow path 
and around clearances between the rotor assembly and 
the stator assembly. In some constructions, the rotor 
knife edge or rotor blade tips are intended to run with 
line-on-line contact with the abradable material of trm 
seals to provide a minimal gap therebetween. Some 
constructions are designed such that the tips of the rotor 
bladss or the knife edges abrade the seal material under 
normal operative conditions to minimize the clearance 
gap. In other constructions, occasional rubbing contact 
between the rotating knife edges or blade tips and the 
seal material result In abradable removal of the seal ma- 
terial. After an extended period of operation, the seal 
material is replaced to restore the operative clearances 
to the original condition. 

The method of replacing the porous, abradable seal 
includes the steps of removing a portion of the abrada- 
ble seal material leaving behind a residue of bond ma- 
terial and abradable material, and disposing a layer of 
bond material, such as AMS 4777 braze material, adja- 
cent the abradable seal material and the substrate. 

Fig. 2 is a partial perspective view of an alternate 
embodiment of the arcuate segment shown in Fig. 1 . In 
this embodiment, the first (inner) arcuate seal 26a is 
formed of honeycomb filled with fiber metal. The aecond 
arcuate seal 36a is formed of fiber metal. The first arcu- 
ate seal and the second arcuate seal are removed by 
the method of surface abrasive machining (SAM). In the 
surface abrasive machining step, a portion of the fiber 
meta I and the honeycomb filled with f bar metal are each 
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removed by grinding. The filled honeycomb and the fiber 
metal are each ground down to a predetermined thick- 
ness which includes a portion of filled honeycomb for 
the first (inner) saal and a portion of the fiber metal ma- 
$ terial for the second (outer) seal. Each of those portions 
is attached to the parent material or substrate by braze 
material. One method for performing surface abrasive 
machining is disclosed in US-A- 5,293,717. 

As discussed in US-A-5,293,717, probes 46 are 
1<> used to gather positional data. The data is used to es- 
tablish reference surfaces for the abrasive machining 
operation. The reference surfaces are used to guide an 
abrasive machine (shown in phantom). Occasionally, 
the machining operation may cause a slight removal of 
1* parent material Occasionally, the machining operation 
may cause a slight removal of Darent material (such as 
0.025-0. 1 3mm (t -5 mils)) lor a fiber metal configuration 
having a height of 0.64 (25 mils) on a radius or aoout 
760mm (30 inches). This may occur in parts for exam- 
20 pie, where the part has been so severely distressed that 
h falls outside the normal tolerance variation even for 
distressed parts. These parts nevertheless may be re- 
pairable but the earns operation does cause a small re- 
moval of parent material- 
's The amount of parent material that is removed from 
the substrate is much smaller In comparison to methods 
such as are discussed in US-A- 5,293,717 where the 
abradable material is removed to the bond interface. In 
the present method, the porous, abradable material is 
30 not entirely removed which provides an additional thick- 
ness of abradable material to accommodate tolerance 
variations. Thus, the removal of a parent material may 
be reduced from depths of 0.1 3-0.38mm (5-15 mils) to 
a depth of loss than 0.1 3mm (a mils) and typically ap- 
3S proximately 0.051 mm (2 mib). 

Flg. 3 is a photomicrograph showing the effect of 
SAM removal of a portion of the fiber metal (such as 
FELTMETAU& fiber metal) from an abradable seal hav- 
ing a bond material formed by braze malarial. As shown 
*o In Fig. 3, the original braze material has diffused into the 
parent material in zone A The braze material located in 
zone B ha3 been wicked by capillary attraction into the 
fiber metal to form zone C. Thus, the brazed material 
extends into the fiber metal and into the parent material 
45 to a thickness R t in the abradable seal after removal of 
a portion of the abradable material. This braze material 
extending Into the fiber metal by capillary action pro- 
vides a base to which additional braze material and an 
additional layer of fiber metal may be attached as is dis- 
so cussed below. 

Another advantage results from using the removal 
techniques illustrated in US-A-5, 167,721 in comparison 
to the SAM process. As discussed in US-A-5, 167,721 , 
a pressurized water jet is used in the removal operation- 
al in the present invention, the water jet may be used to 
remove a portion of the fiber metal. This insures that only 
a portion of the abradable fiber metal is amoved and 
very Itnle of the braze, which insures that braze material 
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extends over the entire substrate. As a result the parent 
material stays coated with braze material avoiding the 
need for plating such a surface in those type of braze 
furnaces which require isolation of the parent material 
from contact with the atmosphere during brazing. In both 
the SAM process and the water jet process, removing 
only a portion of the abradable material results in re- 
duced machining time and an associated saving in ma- 
chining expense. 

Fig. 4 is a photomicrograph of an abradable seal 
material after removal of the fiber metal using a water 
jet. As shown in Fig. 4, the substrate is penetrated by 
the braze materia) in zone A to some extent and pure 
braze material (zone B) extends outwardly and into the 
fiber metal (zone C) of the abradable seal- Again, the 
braze material which has been drawn up by capillary at- 
traction into the fiber metal (zone C) provides a base for 
attaching an additional braze layer and additional layer 
of f iber metal during the repair process. Thus, the abrad- 
abls material is removed to an amount which permits 
entry of the new braze material into the abradable ma- 
terial to an extent that permits the new braze material to 
bond to the residue braze material. 

Fig, 5 is a side elevations! view of the outer air seal 
26a and the inner air seal 36a after completion of the 
step of removing abradable material (fiber metal) from 
the remainder of the seal material. As a result, the sub- 
strate surface now has a residue layer of braze and 
braze/abradable seal mater ial attached to the substrate 
42. 

Fig. 6 is a cross-sectional view taken a!ong the lines 
6-6 of Fig. 5 of a portion of the abradable outer seal 36a 
with the orientation of the substrate rotated 1 80 degrees 
to face in the upward direction instead of the downward 
direction. As shown in Fig. 6, the substrate 42 has a 
small scallop-like indentation having a depth D (exag- 
gerated for purposes of illustration) resulting from sur- 
face abrasive machining. The method includes leaving 
behind a residue layer braze/abradable material 52 ad- 
jacent the substrate which is attached to the substrate 
42. Tine layer of porous, abradable material and braze 
material is formed by the surface preparation of water 
jet removal of the seal malarial or surface abrasive ma- 
chining of the material. A layer of abradable seal mate- 
rial 54, such as fiber metal, is spaced from the braze 
and fiber metal residue. A tape of braze powder and a 
volatile binder 56 having a thickness f\ is disposed be- 
tween the abradable fiber metal layer and the braze/ 
abradable material residue. The tape has a thickness 
which is less than twice the thickness of R b of the resi- 
due. The tape extends into the scallop-like depression. 
Upon heating of the structure, braze material fills the 
void formed by the scallop -like depression (which is 
greatly exaggerated In Fig. 6) and bonds the fiber metal 
across its surface to the layer of braze/ abradable fiber 
metal residue adjacent the parent material. 

Fig 7 is a photomicrograph magnified one hundred 
(10Q) times of the resulting structure after completion of 



the process of repair. Whether a SAM process or a water 
jet process is used to remove a portion of the abradable 
material, a sufficient amount of abradablo material is re- 
moved such mat the wicking action which results from 

& capillary attraction does not penetrate the new abrada- 
ble material to an unacceptable height. The braze ma- 
terial is relatively hard and durable in comparison to the 
abradable material, whether it is filled honeycomb or fib- 
er metal, and would result in a destructive loss of mate- 

10 rial on knife edge seals and rotor blade tips were the 
braze material to contact the knife edge seal or the rotor 
blade tip during a destructive interaction. 

Upon heating of the assembled components as 
shown In Fig. 6, the replacement braze material 56 dif- 

1S (uses into the abradable seal material (fiber metal) 54 
or 52 as a result ol capillary forces acting on the braze 
material- Zone A represents the layer of original braze 
material that is diffused into the parent material. Zone B 
shows the layer of braze/abradable seal (fiber metal) 

20 material residue. Zone C represents the replacement 
braze material layer. Zone O shows the layer of replace- 
ment abradable seal material (fiber metal) with replace- 
ment braze material diffused into the abradable seal ma- 
terial. 

25 A good bond is formed between the replacement 
braze materia] and the braze material in the braze/fiber 
metal residue layer. A good bond is formed because 
capillary forces cause the braze material to extend 
through the porous fiber metal to tho new interface with 

$0 the replacement braze material. This bond is formed 
even though a reduced amount of machining is needed 
to prepare the surface of braze/fiber metal material to 
receive the layer of replacement braze material. As a 
result of this construction, the abradable seal material 

35 is supported from the parent material in part by using 
old braze material. This reduces tne requirement for 
new braze material by reusing the old braze material to 
bond the new braze material to the parent material with 
a resulting structure that has the requisite strength, and 

40 requires less braze material (lor a given depth of braze 
material) to attach the felt metal to the parent material. 

From the above description, it will be seen that a 
primary advantage of the present invention in Its pre- 
ferred embdiments at least is the reduced effort and time 

4S needed to repair an abradablB seal which results from 
leaving a residue of bond material and porous abradable 
seal material on the substrate and attaching the replace- 
ment abradable material to the residue. Another advan- 
tage Is the extended part life which results from avoiding 

so significant removal of parent material from the substrate 
because of the thickness of the residue material be- 
tween the removal device and tho substrate. Still anoth- 
er advantage is tho durability of the repaired abradable 
seal whicn results from wicking of the bond material 

55 through the pores of the abradable material to attach the 
replacement abradable material to the residue of abrad- 
able material and bond material. SUI I another advantage 
Is the reduced material costs for a given thickness of 
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bond coat material which results from using the bond 
material In the residue and new bond material to attach 
the new abradable material to the substrate. 

Although the invention has been shown and de- 
scribed with respect with exemplary embodiments 
thereof, it should be understood by those skilled in the 
art that various changes, omissions, and additions may 
be made thereto, without departing from the scope of 
the invention as defined by the following claims. 



Claim* 

1. A process for repairing an abradable seal tor a ro- 
tating machine, the seal <26,36;2Ba,36a) having a 
substrate (28.42). a bond material (32) attached to 
the substrate for attaching an abradable material 
(34,38) to the substrate, and a porous abradable 
material having interconnected pores of a size that 
creates a wicking capability for the bond material, 
comprising: 

removing not more than a substantial portion of 
the abradable material leaving behind a residue 
of bond material and abradable material; 
disposing a layer of bond material adjacent thB 
residue: 

disposing a layer of porous abradable seal ma- 
terial adjacent the layer of bond material such 
that the layer of bond material is disposed be- 
tween the residue and the seat material; and 
liquefying the bond material such that at least 
a portion of the bond material is drawn Into the 
abradable seal material and the bond material 
of the layer is joined to the bond material of the 
residue. 
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and the layer of bond material disposed adja- 
cent the residue has an average thickness R b at a 
circumferential section measured perpendicular to 
the substrate which is not greater than twice the 
thickness R,of said residue. 

6. The process for repairing an abradable seal as 
claimed in any preceding claim, wherein the step of 
removing the abradable material (34,38) employs 
surface abrasive machining and the amount of sub- 
strate (28,42) removed at any location is loss than 
20 percent of the thickness of the abradable seal 
material (34,38) prior to the step of removing the 
abradable seal material. 

7. The process for repairing an abradable seal as 
claimed in claims, wherein the amount of substrate 
(28. 42) removed at any location is less than 1 0 per- 
cent of the thickness of the abradable seal material 
(34.38) prior to the etep of removing the abradable 
seal material. 

8. The proess for repairing an abradable seal as 
claimed in claim 7, wherein the amount of substrate 
(28. 42) removed at any location is less than 0,13 
mm (5 mils). 

9. The process lor repairing an abradable seal as 
claimed in claim 8, wherein the amount of substrate 
(28,42) removed at any location is 0.051 mm (2 
mils). 



2. The process for repairing an abradable seal of a ro- 
tating machine of claim 1 , wherein the bond mate rial 
(32) Is a braze material. 4* 

3. The process for repairing an abradable seal for a 
rotating machine of claim 1 or 2, wherein the step 
of removing the abradable material (34,38) employs 

a pressurized jet of liquid and the residue covers « 
the entire surface of the substrate (26.42). 

4. The process for repairing an abradable seal as 
claimed in any of claims 1 to 3, wherein the rotating 
machine is a gas turbine engine. 



The process for repairing an abradable seal as 
claimed in any preceding claim, wherein the residue 
of bond material (32) and abradable material 
(34,38) left behind after removing not more than a 
substantia] portion of the abradable material has an 
average thickness at a circumferential section 
measured perpendicular to the substrate; 



55 



6 



PAGE 11/40 * RCVDAT 4/21/2004 5:53:15 PM [Eastern Daylight Time] 1 SVR:USPT0-EFXRF-1/4 ■ DNIS:8729306 * CSID:2022936229* DURATION (mm-ss):13-00 



APR-21-2004 18:00 



CONNOLLY BOUE LODGE &HUTZ 
EP 0 753 376 A1 



2022936229 P . 1 2/40 




7 

PAGE 12/40 * RCVD AT 4/21/2004 5:53:15 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/4 * DNIS:8729306 * CSID:2022936229 * DURATION (mm-ss):13-00 



APR-21-2004 18:00 



CONNOLLY BOUE LODGE &HUTZ 
EP O 7B3 376 A1 



2022936229 P - 1 3/40 



FiG. J 




8 



PAGE 13/40 ' RCVD AT 4/21/2004 5:53:15 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/4 * DNIS:8729306 * CSID:2022936229 * DURATION (mm-ss):13-00 



PPR-21-2004 18:00 



CONNOLLY BOUE LODGE &HUTZ 
BP0763 376A1 



2022936229 P . 14/40 



FIG. 5 4 , 




PAGE 14/40 » RGVD AT 4/21/2004 5:53:15 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-1/4 * DNIS:8729306 * CSID:2022936229 * DURATION (mm^s):13-00 



APR-21-2004 18:01 



CONNOLLY BOUE LODGE S.HUTZ 
EP 0 753 376 A1 



2022936229 P . 15/40 




10 

PAGE 15/40 1 RCVD AT 4/21/2004 5:53:15 PM [Eastern Daylight Time] * SVR:USPT0-EFXRF-1/4 ■ DNIS:8729306 * CSlD:2022936229^DURATION (mm-ss):13-00 . — . 



APR-21-2004 18:01 



CONNOLLY BOUE LODGE &HUTZ 



2022936229 P . 1 6/40 



EP 0753 376 A1 



European pAtanl 
Office 



EUROPEAN SEARCH REPORT 



EP 96 30 5077 



nATTTMFNTS CONSIDERED TO BE RELEVANT 



Category 



D,A 

D.A 

A 
A 



t wim bdw*»n. who* •pw*pn»**. 



US-A-5 167 721 (HCCOMAS ET AL) 

* colmw; 3, line 43 - line 44; claims 1,3. 
figures * 

US-A-5 293 717 (SNYDER ET AL) 

* column 3, line 61 - column 4, line 34„ 
figures * 

US-A-4 924 581 (JAKOBSEN) 

* claims; figures * 

EP-A-0 119 343 (GOLF AND WESTERN 
INDUSTRIES, INC.) 

* abstract; claims; figures * 



1-4 



1,4 



1.2.4 
1,2,4 



CLARIFICATION OF THE 
APPLICATION (talCLi) 



B23P6/O0 
F01DS/OB 



TtmNlCAl- FIELD* 



B23P 
F01D 
B23K 



llukftf unit 

THE HAGUE 



8 October 1996 



plastiras, D 



CATttlORV OF CITEP DOCUMENTS 



V *. Srdcutaly r*J«*«* If 

O: " " " ■ ■ - 
F s 



T 

•fla ihe Rllnz *»t* 
p : MtlHMf <ftrf Ml lb* mfphtrttan 



1 1 «mHltr **<m ucuna*, paMlrtml o% or 



s Mmki of Ihr F 



11 

PAGE 16/40 * RCVD AT 4/21/2004 5:53:15 PM [Eastern Daylight Time] ■ SVR:USPT0-EFXRF-tf4 * DNIS:8729306 * CSID:2022936229 * DURATION (mm-ss):1M0 



